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Lithographic Apparatus, Device Manufacturing Method, and Device 
'Manufactured Thereby 

BACKGROUND OF THE INVENTION 
This application claims priority from EP Application Number 00302996.4 
which is herein incorporated by reference. 

Field of the Invention 

The present invention relates to the control of leveling, for example of the 
substrate and/or mask, during exposures in lithographic apparatus. More particularly, the 
invention relates to a system for leveling control in a lithographic projection apparatus 
comprising: 

- a radiation system for supplying a projection beam of radiation; 

- a support structure for supporting patterning means, the patterning means 
serving to pattern the projection beam according to a desired pattern; 

a substrate table for holding a substrate; and 

a projection system for projecting the patterned beam onto a target portion 
of the substrate; 

- a level sensor for measuring at least one of a perpendicular position and tilt 
about at least one parallel axis of a surface of an object held by one of the support structure 
and the substrate table, and generating a position signal indicative thereof, perpendicular 
referring to a direction substantially perpendicular to the said surface and parallel referring to 
a direction substantially parallel to said surface; and 

- a servo system responsive to said position signal for moving said object to 

a desired position. 

Description of the Related Art 

The term "patterning structure \ "patterning means" or "•mask" as here 
employed should be broadly interpreted as referring to means that can be used to endow an 
incoming radiation beam with a patterned cross-section, corresponding to a pattern that is to 
be created in a target portion of the substrate; the term "light valve- can also be used in this 
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context. Generally, the pattern will correspond to a particular functional layer in a device 
•being created in the target portion, such as an integrated circuit or other device (see below). 
Examples of such patterning means include: 

A mask. The concept of a mask is well known in lithography, and it includes mask 
5 types such as binary, alternating phase-shift, and attenuated phase-shift, as well as 

various hybrid mask types. Placement of such a mask in the radiation beam causes 
selective transmission (in the case of a transmissive mask) or reflection (in the case of 
a reflective mask) of the radiation impinging on the mask, according to the pattern on 
the mask. In the case of a mask, the support structure will generally be a mask table, 
1 0 which ensures that the mask can be held at a desired position in the incoming 

radiation beam, and that it can be moved relative to the beam if so desired. 
A programmable mirror array. An example of such a device is a matrix-addressable 
surface having a viscoelastic control layer and a reflective surface. The basic principle 
behind such an apparatus is that (for example) addressed areas of the reflective surface 
1 5 reflect incident light as diffracted light, whereas unaddressed areas reflect incident 

light as undiffracted light. Using an appropriate filter, the said undiffracted light can 
be filtered out of the reflected beam, leaving only the diffracted light behind; in this 
manner, the beam becomes patterned according to the addressing pattern of the 
matrix-addressable surface. The required matrix addressing can be performed using 
20 suitable electronic means. More information on such mirror arrays can be gleaned, for 

example, from United States Patents US 5,296,891 and US 5.523,193, which are 
incorporated herein by reference. In the case of a programmable mirror array, the said 
support structure may be embodied as a frame or table, for example, which may be 
fixed or movable as required. 
25 - A programmable LCD array. An example of such a construction is given in United 
States Patent US 5,229,872, which is incorporated herein by reference. As above, the 
support structure in this case may be embodied as a frame or table, for example, 
which may be fixed or movable as required. 

For purposes of simplicity, the rest of this text may. at certain locations, 
30 specifically direct itself to examples involving a mask and mask table: however, the general 
principles discussed in such instances should be seen in the broader context of the patterning 
means or patterning structure as hereabove set forth. 
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Lithographic projection apparatus can be used, for example, in the 
manufacture of integrated circuits (ICs). In such a case, the patterning structure may generate 
a circuit pattern corresponding to an individual layer of the 1C. and this pattern can be unaged 
onto a target portion (e.g. comprising one or more dies) on a substrate (silicon wafer) that has 
been coated with a layer of radiation-sensitive material (resist). In general, a single wafer w,ll 
contain a whole network of adjacent target portions that are successively irradiated vta the 
projection system, one at a time. In current apparatus, employing patterning by a mask on a 
mask table, a distinction can be made between two d.fferen, types of machme. In one type of 
Uthographic projection apparatus, each target portion is irradiated by exposmg the entire 
mask pattern onto the target portion at once; such an apparatus is commonly referred to as a 
wafer stepper. In an alternative apparatus commonly referred to as a s»e P -and-scan 
apparatus - each targe, port.on is irradiated by progressively scanning the mask pattern 
under the projection beam in a given reference direction (the "scanning" direcfon) whtle 
synchronously scanning the substrate table parallel or anti-parallel to this direction; smce. m 
genera, the projection system will have a magnification factor M (generally < 1). the speed V 
a. which the substrate table is scanned will be a factor M times that a, which the mask table ,s 
scanned. More information with regard to lithographic devices as here described can be 
gleaned for example, from US 6,046.792, incorporated herein by reference. 

In a manufacturing process usmg a lithographic projection apparatus, a pattern 
(e g in a mask) is imaged onto a substrate that is at leas, partially covered by a layer of 
radiation-sensitive material (resist). Prior ,0 this imaging step, the substrate may undergo 
various procedures, such as priming, res.s, coating and a soft bake. After exposure, the 
substrate may be subjected to other procedures, such as a post-exposure bake (PEB), 
development, a hard bake and measurement/inspection of the imaged features. This array of 
25 procedures is used as a basis to pattern an individual layer of a device, e.g. an IC. Such a 
patterned layer may then undergo various processes such as etching. ion-implanta.,on 
(doping), metallization, oxidation, chemo-mechanical polishing, etc., all intended to finish off 
an individual layer. If several layers are required, then the whole procedure, or a variant 
thereof, will have to be repeated for each new layer. Eventually, an array of devices will be 
present on the substrate (wafer). These devices are then separated from one another by a 
technique such as dicing or sawing, whence the individual devices can be mounted on a 
earner, connected to pins, etc. Further information regarding such processes can be obtained, 
for example, from the book "Microchip Fabrication: A Practical Guide ,„ Semiconductor 
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Processing", Third Edition, by Peter van Zant, McGraw Hill Publishing Co., 1997, ISBN 
'0-07-067250-4, incorporated herein by reference. 

For the sake of simplicity, the projection system may hereinafter be referred 
to as the "lens"; however, this term should be broadly interpreted as encompassing various 
types of projection system, including refractive optics, reflective optics, and catadioptric 
systems, for example. The radiation system may also include components operating 
according to any of these design types for directing, shaping or controlling the projection 
beam of radiation, and such components may also be referred to below, collectively or 
singularly, as a "lens". Further, the lithographic apparatus may be of a type having two or 
more substrate tables (and/or two or more mask tables). In such "multiple stage" devices the 
additional tables may be used in parallel, or preparatory steps may be carried out on one or 
more tables while one or more other tables are being used for exposures. Twin stage 
lithographic apparatus are described, for example, in US 5,969,441 and WO 98/40791, 
incorporated herein by reference. 

Until very recently, lithographic apparatus contained a single mask table and a 
single substrate table. However, machines are now becoming available in which there are at 
least two independently moveable substrate tables; see, for example, the multi-stage 
apparatus described in International Patent Applications WG98/28665 and WO98/40791 . The 
basic operating principle behind such multi-stage apparatus is that, while a first substrate 
table is at the exposure position underneath the projection system for exposure of a first 
substrate located on that table, a second substrate table can run to a loading position, 
discharge a previously exposed substrate, pick up a new substrate, perform some initial 
measurements on the new substrate and then stand ready to transfer the new substrate to the 
exposure position underneath the projection system as soon as exposure of the first substrate 
is completed; the cycle then repeats. In this manner it is possible to increase substantially the 
machine throughput, which in turn improves the cost of ownership of the machine. It should 
be understood that the same principle could be used with just one substrate table which is 
moved between exposure and measurement positions. 

During exposure processes, it is important to ensure that the mask image is 
correctly focussed on the substrate. Conventionally this has been done by measuring the 
vertical position of the best focal plane of the aerial image of the mask pattern relative to the 
projection lens before an exposure or a series of exposures. During each exposure, the vertical 
position of the upper surface of the substrate relative to the projection lens is measured and 
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the position of the substrate table is adjusted so that the substrate surface lies in the best focal 
'plane. However, known leveling systems have not always been able to effect sufficiently 
accurate positioning of the substrate surface in the best focal plane and can cause undesirable 
X and Y movements of the substrate due to cross-talk from Rx and Ry leveling adjustments. 
Such X and Y movements cause overlay errors which are particularly undesirable. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a control system capable of 
improved "on-the-fly" leveling (that is leveling based on position measurements made during 
the exposure rather than in advance) performed on a substrate or mask in a lithographic 
projection apparatus during exposure processes and in particular to reduce focussing errors, 
cross-talk between tilts and horizontal shifts and unnecessary object table movements. 

This and other objects are achieved according to the invention in a lithographic 
projection apparatus as specified in the opening paragraph, characterized by a filter connected 
between said level sensor and said servo system for filtering said position signal. 

The present invention, by interposing a filter between the level sensor and the 
servo system for leveling, enables improvements in the leveling performance. In particular, 
undesirable movements to follow high spatial frequency (height) variations in the substrate 
surface can be avoided. Also, trade-offs between performance in different degrees of freedom 
can be made, especially to avoid cross-talk into horizontal displacements of the substrate 
which would result in overlay errors. Preferably, the level sensor, optionally in cooperation 
with a position sensor such as an interferometer or a Linear Variable Differential Transformer 
(LVDT) measurement system, generates a setpoint which the servo system aims to follow. 
The filter then filters that setpoint. 

According to a further aspect of the present invention there is provided a 
device manufacturing method comprising the steps of: 

providing a substrate that is at least partially covered by a layer of radiation- 
sensitive material; 

, providing a projection beam of radiation using a radiation system; 

using patterning means to endow the projection beam with a pattern in its cross- 

section; 

measuring at least one of a perpendicular position and tilt about at least one 
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parallel axis of a surface of an object held by one of said support structure and said substrate 

desired position; 

characterized by the step of: 

position of said object. 

Although spec.fic reference may be made in this text to the use of ,h 
a— according to the invention in the manufacture of ICs, it should be exphctlv 

employed in the manufacture of integrated optica, systems. g u,dance and de.ect.on 
Lads etc Theskil.edanisanwtllappree.a.ethat.inthecontextofsuchahemat.ve 
alne replaced by the more general terms and ,arge, portton . 

reSPeC,,Ve ' y ' mthepresentdocumenMheterms-radiatton-and-beam-areusedto 

encompass alltypes of eiectromagnetic radlatton, ^^^^^ 
i thof!65 248 193, 157 or 126 nm) and extreme ultra-v 10 let(EUV or XUV) 

rr::r:;::i«. 

ion beams or electron beams. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be descnbed below with reference to exemplary 
embodtments and the accompanying schemattc draw.ngs, in whtch: 

Figure 1 depicts a lithographic projection apparatus accordmg to a 
embodiment of the invention; 
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Kigur. 2 dep.cts a .eve. sensor device used in the llrs, embod.ment of the 

' ,nVen, ' 0,,; F , gur e3 1S ad 1 a gram o f acon tro , Sy s t e mU sed,n th en rSt e mb od im e„ l of th e 
5 lnVen,, ° n; F , gur e4 i sad,a gram usedtoe X p.a i n m ea—used I „aseco„d 

inVent,0 " ; 

,nVen " 0n; Fi8m8i sa^. f a-^ — — of t e 

, 5 inVenti0m F , gure9iS ad,a gram o f aco„ tro ,s,s ttm used ra a fift He mb od, ra en t on h e 

mVenti0n; F , gur e 1 O i sad,a gr a m o f acon tr o,s y s t e mU se di na si x th e rab od, m en,c ft ne 

inVenUOn; F , gur e S .. A andBa r e graph ss h ow,„ g ZposU i o„ S o f a W a fat a b ,ed : n„ g 

ime " ,i0n; Figures n A andBa regra p h ss to w i „ g R y pos,on S o f a W a f ena bl ed u ^ 

lnVenti0n; Flgu res 13A and B a, g raphs show,, Z posit.on .eve, sensor transfer 
^tions o f a convent.ona, ,eve, sensor and a ,eve, sens, w,,h f,<eri„ g accord,n g t o the 

invention in each ease compared to an ideal level sensor; 

F , gures H A andBare g ra P hssho W in g R y position,eve,se„sortrans f er 

fu nc t io„so f aco„ven„onaUeve 1 senso r anda,eve,senso r »„h fi l,e ri n g accord,n gt othe 

30 invention, in each case compared to an idea, level sensor; and 

Flgure , 5 is a table of wafer shape filter semngs ,n two examples of the 

invention. 

In the drawings, like references indicate like parts. 
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DETAILED DESCRIPTION OF THE INVENTION 

^ Embodiment 1 

Figure 1 schematically depicts a lithographic projection apparatus according to 
a particular embodiment of the invention. The apparatus comprises: 

■ a radiation system Ex, IL, for supplying a projection beam PB of radiation (e.g. UV or 
EUV radiation, electrons or ions). In this particular case, the radiation system also comprises 
a radiation source LA; 

• a first object table (mask table) MT provided with a mask holder for holding a mask 
MA (e.g. a reticle), and connected to first positioning means for accurately positioning the 
mask with respect to item PL; 

. a second object table (substrate table) WT provided with a substrate holder for holding 
a substrate W (e.g. a resist-coated silicon wafer), and connected to second positioning means 
for accurately positioning the substrate with respect to item PL; 

- a projection system ("lens") PL (e.g. a refractive or catadioptric system, a mirror group 
or an array of deflectors ) for imaging an irradiated portion of the mask MA onto a target 
portion C (e.g. comprising one or more dies) of the substrate W. 

As here depicted, the apparatus is of a transmissive type (i.e. has a 
transmissive mask). However, in general, it may also be of a reflective type, for example 
(with a reflective mask). Alternatively, the apparatus may employ another kind of patterning 
means, such as a programmable mirror array of a type as referred to above. 

The source LA (e.g. a Hg lamp, excimer laser, an undulator provided around 
the path of an electron beam or storage ring or synchrotron, a laser-produced plasma source, a 
discharge source or an electron or ion beam source) produces a beam of radiation. This beam 
is fed into an illumination system (illuminator) IL, either directly or after having traversed 
conditioning means, such as a beam expander Ex, for example. The illuminator IL may 
comprise adjusting means AM for setting the outer and/or inner radial extent (commonly 
referred to as a-outer and a-inner, respectively) of the intensity distribution in the beam. In 
addition it will generally comprise various other components, such as an integrator IN and a 
30 condenser CO. In this way. the beam PB impinging on the mask MA has a desired uniformity 
and intensity distribution in its cross-section. 

It should be noted with regard to Figure 1 that the source LA may be within 
the housing of the lithographic projection apparatus (as is often the case when the source LA 
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is a mercury lamp, for example, but ,ha, U may also be remo.e from .he li.hographtc 
^ceLA.sane^iase.TKec^nUnvenUonanaC^e—bo.hof.bese 



scenarios. 
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Th e beam PB subsec.uen.ly intercepts .he mask MA, which is held on a mask 

table M na g substra te W. With the aid of the second 

focuses the beam PB onto a target port.on C of the substrate 

Simi ,ar, y the firs, postponing means can be used to accurately pos.t.on the mask MA 

* ,h of the beam PB . g. after mechamcal retrieval of the mask MA from a 
respect to the path ot the beam fo,^ ,, T wTwillhe 

mask library, or during a scan. In general, movement of the object tables MT. WT will ^ 

connected to a short-stroke actuator, or may be fixed. 

The depicted apparatus can be used in two different modes: 
,„ step mode, the mask table MT is kept essentially stationary, and an enure mask 
■ • , at once (i e a single "flash") onto a, arget portion C. The substrate tab!e 

" — ^:;ssentia,,y,hesamesce„a n oap P ,,es,e X cep,,hatag,ventarget 
5 lection (the so-called "scan direction'-. , g . the y direction, w„h a speed v. so ** *e 

WT is s.multaneously moved in the same or oppostte d.rect.on a, a speed 

• u \a - 1 1 A or 1 /5) In this manner, a relatively 
M is the magnification of the lens PL (typ.cally. M - 1/4 1/5). 

, h,„ C can be exposed, without having to comprom.se on resolution. 

, s ,be accuracy w,.h which .he mask pattern ,ma g e is focused on the substra, In prac.tce. 
slnce the scope forad J ustin g the P osi,,onof.hefocalp.aneofthe projection systemPLs 
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To do thts. it isof course necessary to know both the pos.tion of the foea, plane of the 
^eCons.s.enrPLanathepos.Uonofrne.opsurfaceoffhe^e, Wafers are g e„eral y 

can occur. Unflatness may be caused, for example, by variattons in wafer th.cLness, 

drstorttonoftheshapeofthe wafer or con—s on the wafer 

struc tures due to previous process steps also si g nif,can tly affeers the 
Inth e P resentmven,ion, t hecau S eofun fl a«nessis,ar g e 1 y,rre 1 evan 1; on,y,he h e g h,of, te 

top surface of the wafer ,s considered. Unless the context otherwise reoutres. references 

themaSkima8 ; u r,n g exposure, the posttton and orientatton of the wafer surface relat.ve to 
the project optics PL are measured. The perpendicular, or vertical, position (Z) and 
urface at the optima, focus posit.on. The perpendicular, or ventcal, posttton refers to h 
parallel, or hor.ontal, tilts refer to tihs a,on g at least one ax.s para.le, to *epaneofte 

,s shown tnFigure2.lt comprises a rad.at.on source S which has two em,,,,n g areas SI, S2 
and supplies two beams, a reference beam and a measurement beam ^ 

pr OJ ectton optics PL and the measurement beam by the wafer surface. Detectors D E2 OB 
behind the ,ma g e g ra,m g G2 g ive, when trradtated, signals which can be measured byamter 

reference beam and measurement beam are reflected by the projecbon ophcs PL and w f 

correspondm.numberofpomtsonthew^ 

wafer surface determtned. The level sensor ,s descrtbed in g rea.er detatl ,n LP-0 502 583 
andUS5 .Oi.ZOO. for examp.e. which documents are tncorporated hercn by relerence. 

' As chematicof,heleve„n g contro,systemisshown,nFi gU re3.Thc P hys,cal 
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components of .he ,Z> « *e ieve, sensor LS. wafer shape fiher WSF and 
-r The se„o system SV ,s a c,osed-foop system, mc.udmg ™y -roi ™ . 
mlcl^^ 

i^^^*«P^' a --*- k, " B4te,to,dP0, ' i rf 

he servo system SV ean b e measured hy suhtractmg * -i sensor s^ 

exampie) These exponents and their interconnections are shown ,n sohd ,n F gure 3.1, 

^^^•^^^^-^^^^ 

Z ) posUionand — about onho g ona, hon Z on,aUxes (Rx and Ry). P lg u r e 3, an s„™ 

lU-naissuchas^^etc^ 

" Th e lr ans f e rto e t ,onH>o fl he 1 eve 1 se„so r LS i5 no ti dea, lf an,dea 1 eve 1 
sensor ,LS is notional.y tntroduced into the system then the various possihte errors m the 
sens r and the errors derived by reference to i, are shown in phantom .n F.gure , Thes 

error dk. Thus the errors in the leveiing system may he defined as: ^ 
te = wafer. HJIs- wafer. HJs 
dme = wafer . HJIs - wafer . HJs H_wsf 
vse = wafer . HJs . H_wsf- wafer . HJs . H_wsf . H_sv 

die = wafer . HJIs - wafer . HJs . H_wsf Hsv ^ 
Ave = wafer . HJs . H_wsf . H_sv 
where H aa is the transfer function of element AA in the contro. system. 
, 0 These various transfer functions wiU ,n genera, he functions of Z. Rx and Ry and may mOude 
" e l representmg eros,,a lk tnto other degrees of freedom. Of these error, the ... ^r are 
defined for Z Rx. Ry and Ztotal. the ,as, oniy for X and Y. Ztota, „ a comhmahon of Z, 
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defectively the maximum Z error on one of the four corners of the sht. 
system's exposure sht. ettectively ^ ^ ^ Qf 

, , ♦ a c 7 +Rx slitsizeY/2 ±Ry.shtsizeX/2. Mitsizei 
"Z.otaHs calculated as Z ± Rx.sl,ts,zc > ^j,^ 

,„ *» » » » *. „„, „ « «, .„„ 

--------- 

— sss£==£-~- — r 

while reducing the cost to Rx and Ztotal. 

25 

Embc^iment_2 

♦ v, ,,n in Fieure 5 the control system makes use of 
In a second embodiment, shown in Figure Xtn 

TZZSSSE? 

An ivnT measurement system may aisootust K 
mcorP orated herein by ^ " ^ ^ ^ ^ table ^ 

of the interferometer. In such a system, three LVD fs 
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, • , P 7 Rx and Rv data. As shown in Figure 4, the 

,eve, sensor measures the heigh, is of the upper suriace of the W. 

, s and Z./measurements are shown spaced apart in Figure 4 for clanty, ,n fact he 

wafer shape ws is obtained, i.e.: (6) 

isssssssssss-- 

?S and to have limited closed-loop amplification. 

As ,„ the firs, embodtment, the wafer shape filter is selected to correct 
measurement errors ,n the level sensor L S and to reduce ve rt ,ca, («,lt) to horizontal cross- 



over. 



30 Embodiments 

A ,h,rd embodtment of the .nvention is dcscr.bed with reference ,o Figures 6 
and7 . The ,h,rden,b 0 d,me„t incorporates so-caned .ook-aheadnn the level sensor 1.S to 
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, • u f w A.ne filter The level sensor including 

r^^^^^^™ to,ed - zpi - zQ2 - zQ, - zpi db 

3 , Wit h "ws 4-spo, lavcut. sensor look-ahead for Z and Ry position to effected by 
respechvely. W.th thts spo . ^ ^ ^ sensor 

20 look-ahead is not used mRx because Kxm 7 Rx and Ry signals are 

spo , m easure r nen t s.) Without sensor look-ahead, center ,eve, sensor Z, Rx Ry g 



calculated as follows: (7) 
Is CMZ =(ZP1+ZP2 + ZQ1+ZQ2)H 

iT««*x - flZPI + ZC'^ - (ZK + TQWVarmj 

JjxMRy = flZM + WW " + 

To calculate look-ahead in Z and Ry. gradient values are defined as follows: 

IsgradZ = dz/dy = fc_ccHf/fr 



(9) 



(10) 
(11) 



(14) 
(15) 



The look-ahead level sensor readings are then: ^ 
IsJrontZ = fa_cen/Z + . fa,gr^Z 

IsJrontRx = ls_centRx 
IsJrontRy = fa + ' 

wh ere,X. i. the look-ahead drstance which can be Afferent for Z and Ry. 

TKecontrolsystem, shown in F lg ure 7, ,s then essen.ally the sa m e as that of 
• v save that the level sensor LS' is adapted to 

rsSSSSSS-" — - — 

generate the sensor look-ahead data. 
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. signifaiitRx ,, lnth£tedMW „,^ 

in the Z wafer shape signal it there is a sign 

gradient is defined for the Z signal, as follows: ^ 
ifm^gradZ = ifmyentRx 

The forward-measured interferometer Z signal is then: ^ 
ifmJrontZ = ifm^centZ + x_/_*Z . ifm__gradZ 

a- ♦ f w Rv and Rv are defined as zero so that the 
Note that the interferometer gradients for Rx and Ky 

ifjront signals. 
Embodiment 5 

The contro, system architecture of a fifth embodiment of the invenuon is 

• «■ lv the same as the fourth embodiment but, by 
, sh0 ™ in Fi g ure 9. This arrangement tseffeettveiyth s me as s 

subtraettng the center and g rad,en, signais before mu,t,phcat,o„ by yj.a, 

saved. 

Embodmient_6 

.sixtbembodtmentoftheinventtonisshowninFigureiO.Thesi.h 

*■ n at? mrr to compensate for changes m the 



alternative is effected in the sixth embodiment in v 
differential gradient signal ifjrrad-ls_grad. AF_corr i 
Rx and Ry. 



! which AF con is subtracted from the 

s defined as ARx for Z and zero for 
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^ Xod e m o„ Strat e th ee f fec ti ve„es S „ f ,hep reS en t inve„ ti on t hese r voa rchlt ec tUrc 
ll pl e S , E x ampl e 1 a„a E x ampl e, are s h own in H g u rel , I n F , g u rel 5,-n U ,n dl c at e S 
on . tim e senes of values represents heights at pos.tions spaced in ,he Y (scanning, 

Hvnamic leveling errors in Ztotal, A, kx anu ivv , 

colp^ed to levying without any wafer shape filtering. Example 1 reduced the number of 

out-of-spee results from 20 to 1 1 whilst Example 2 reduced this to 1 . 

Thewafersha P em,ersettingsof Ex a m ples, a nd2are ba sedonascann,n g 

spe ed of 250mm/, For other scannmg speeds, the loo.-ahead dtstances and ^ 

they represent constant spatial frequencies. 

The effectiveness of the present tnvention is further demonstrated by Ftgures 
, lt0 , 4 whi ch show test results opined usmg the fi.ter of Example 1 and a test wafer wtth a 

top o,ogy with decreasing wavelength in the Y d.recUon. The pos.t.ve X half „ ^ 
In UBshow.ctualZposit.onnrovemenMda^onthisw.fercomp.redto.dea 

Z -bout and w,,h wafer shape filtering respcct.el, Figures , 2A and 1 2B show actua, 
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• r es P ect,vely. Figures . 3A and ,3B show actual Z level sensor transfer tunc on (dashe 

, • w Wphfteauency movements of the wafer table are avoided. 

pa " icu,ar ' u t;::;i:!^ ,1^^--.----— 

t0 the specific embodiment of .he invention and the desired performance criteria One 

transfer function, at teas, up to the firs, zero-crossmg a, 1/shtstzeY. Usmg 

L first notch, then used to shape the transfer function up to the firs, zero-crossmg. T 

adius, the phase of the transfer function up ,o,he firs, zero-crossmg. 

WnUewehavedescribedahovespecificenrbod.nrentsofthe.nvent.on.tw,,. 

, anoreciated that the invention may be practiced otherwise man as descrtbed. The 
.venLcanbeapphedtosubstrateieveiingaione.tomasUevehngaione.ortoa 
) combinat.on of substrate leveling and mask levehng. 



